Indochina is located between two extensively researched components of the Asian monsoon system: the Indian subcontinent and southeast-east Asia. Highly correlated with the National Oceanic and Atmospheric Administration Niño-3 sea surface temperatures, the interannual variation of Indochina monsoon rainfall is caused by a mechanism different from the two aforementioned regions. This mechanism consists of two elements: 1) the interannual modulation of the occurrence frequency of westward-propagating weather disturbances in the South China Sea-western tropical Pacific by an anomalous short-wave train emanating from the western tropical Pacific, and 2) an east-west interannual seesaw of the global divergent water vapor flux induced by the interannual variation in the global divergent circulation. An effort is made in this study to illustrate this mechanism.
Introduction
As revealed from numerous publications and texts (e.g., Krishnamurti 1977 Krishnamurti , 1979 Lighthill and Pearce 1981; Fein and Stephens 1987) , the weather system and climate variability over the Indian subcontinent have always been the central theme of monsoon research. On the other hand, a surge in research concerning the monsoon climate change over east and southeast Asia (e.g., Ye et al. 1993; Murakami 1992 ) has also emerged recently. The importance of monsoon climate research is shown by its adoption as one of major research components by both the Research Programme on Climate Variability and Predictability (World Climate Research Programme 1997) and the Global Ocean-AtmosphereLand System program (National Science Council 1998). Between the Indian subcontinent and east Asia, there is a geographic entity: Indochina. Although the geographic size of this region is somewhat smaller (ϳ60%) than the Indian subcontinent, the east-west scales of both regions are comparable. Because the Indochina peninsula is the rice basket of the world, climate variations in this region affect not only agriculture locally but also the supply of rice to the entire world.
Embedded in the Asian monsoon system, Indochina is flanked by two major monsoon components: India and southeast-east Asia. Some attempt was made by Ramage (1971) to illustrate the development of the mon-soon system over Indochina. Actually, very little of the attention of the meteorological community has been paid to explore climate variation in this region. Is this lack of climate research incentive over this region attributed to insignificant climate variability? Fuller (1990) pointed out that the bombing raids in North Vietnam were reduced 42% during the 1972 spring because of the early monsoon onset, while in the 1998 monsoon season Thailand suffered a serious drought (P. Patvivatsri 1999, personal communication) . Evidently, the climate of Indochina undergoes nonnegligible interannual variations. Since no systematic analysis of climate variation has been performed in this region, it is our intent in this short study to present the interannual variation of summer monsoon rainfall over Indochina and also to suggest some possible mechanism responsible for this variation. We hope our effort in this study will call more research attention to climate variability in this region.
Interannual variation of monsoon rainfall
Two rainfall datasets were used in this study: the Climate Prediction Center (CPC) Merged Analysis of Precipitation (CMAP) data (Xie and Arkin 1997) and the monthly-mean World Meteorological Organization station data over mainly Thailand derived from the Global Historical Climatology Network (GHCN; Easterling et al. 1996) . The CPC outgoing longwave radiation (OLR) data were also included in our analysis. The computation domain in this study is enclosed by a thick solid line in Fig. 1 . Although the GHCN rain gauge observations and the OLR were merged in the generation process of the CMAP data, the inclusion of rain gauge observations
Analysis domain of Indochina (enclosed by the thick solid line) and rainfall measurement stations (solid dots) analyzed in this study. These stations are derived from the GHCN (Easterling et al. 1996). and OLR in our analysis is mainly to confirm the outcome of the CMAP rainfall data over Indochina. Histograms of rainfall (P) and rainfall proxy, ⌬OLR (ϭ235 W m Ϫ2 Ϫ OLR; Arkin and Ardanuy 1989), averaged over Indochina, are presented in Figs. 2a-c. In spite of their difference in magnitude, interannual variations of the three variables are relatively consistent. What is the possible cause of these interannual variations? One may speculate that they are caused by ENSO. For this reason, let us compare the P and ⌬OLR histograms with ⌬SST(Niño-3) (Fig. 2d) , the summer (May-August) sea surface temperature (SST) departure (from the 1979-97 mean value) averaged over the National Oceanic and Atmospheric Administration Niño-3 region (5ЊS-5ЊN, 150Њ-90ЊW). Following our previous studies concerning the interannual variation of tropical cyclones (Chen et al. 1998 ) and equatorial wave activities (Chen and Weng 1998) over Southeast Asia-western tropical Pacific region we define cold and warm summers in the following manner: cold summer: ⌬SST(Niño-3) Յ Ϫ0.5ЊC, warm summer: ⌬SST(Niño-3) Ն 0.5ЊC. A general tendency emerges from the contrast between (Indochina) rainfall histograms and ⌬SST(Niño-3): More (less) monsoon rainfall over Indochina occurs during cold (warm) summers. In other words, the Indochina summer monsoon rainfall is highly related to the eastern tropical Pacific SST. As revealed from companion rainfall analysis over the Indian subcontinent (not shown), the correlation between rainfall over the subcontinent and ⌬SST(Niño-3) is not as high. Actually, using the CMAP rainfall data, Goswami et al. (1999) analyzed interannual variation in the summer monsoon rainfall over a region covering India and Indochina. In contrast to our results, they found that the summer rainfall in this region is weakly correlated with the eastern tropical Pacific SST. It is inferred from this weak correlation that interannual variation in Indochina monsoon rainfall is caused by a mechanism different from that of the Indian monsoon rainfall, although Indochina was included in Goswami et al.'s analysis. This correlation between ⌬SST(Niño-3) and rainfall causes us to speculate about the existence of some dynamic link between them. The interannual variation of the Indian monsoon west of Indochina has been subjected to extensive studies. The three most appealing proposed mechanisms causing this interannual variation are 1) interannual variation in SST over the tropical Pacific (e.g., Palmer et al. 1992; Chen and Yen 1994; Ju and Slingo 1995) , 2) soil moisture on the Indian subcontinent (e.g., Meehl 1994) , and 3) snow coverage over the central Eurasian continent (e.g., Shukla 1987; Verneka et al. 1995) . Recently, Goswami et at. (1999) pointed out that the India-Indochina summer monsoon rainfall has a strong positive correlation with the south equatorial Indian Ocean SST. However, the development of these proposed mechanisms are based upon the perspective of the large-scale circulation. Since monsoon depressions bring India climatologically almost half of the monsoon rainfall (e.g., Krishnamurti 1979) , it was suggested by Chen and Weng (1999a) that the interannual variation of monsoon depression activity may be another cause of the interannual variation in monsoon rainfall. In the South China Sea (SCS)-western tropical Pacific (WTP) region east of Indochina, recent studies (Chen et al. 1998; Chen and Weng 1998, 1999a) showed that an anomalous short-wave train emanates from this region along the rim of the western North Pacific in response to the interannual variation of SSTs in the tropical Pacific, as Nitta (1987) suggested. Activity associated with the westward-propagating disturbances over southeast Asia are modulated by this anomalous shortwave train. This modulation may result in the interannual variation in the Indochina monsoon rainfall.
Therefore, a possible mechanism responsible is proposed for causing the interannual variation in monsoon rainfall over Indochina. This mechanism consists of two components: 1) the interannual modulation of synoptic activity in the SCS-WTP region by the large-scale anomalous circulation over southeast-east Asia, and 2) the interannual change in the global anomalous divergent circulation, in response to the ⌬SST(Niño-3).
The proposed mechanism will be illustrated in the next section.
Possible mechanisms a. Westward propagation of synoptic disturbances
A number of studies (e.g., Krishnamurti et al. 1976; Saha et al. 1981) showed that most monsoon depressions over the Indian monsoon region are generated from the redevelopment of westward-propagating residual lows from the east over the SCS. These disturbances bring Indochina precipitation as they propagate across this region. If our hypothesis is correct, the occurrence frequency of weather disturbances capable of reaching Indochina may exhibit an interannual variation coherent with monsoon rainfall in this region. As analyzed by Chen and Weng (1999a) , the disturbances most likely to reach and penetrate through Indochina are tropical cyclones, perturbations induced by tropical cyclones, and 12-24-day monsoon lows. Rarely, some equatorial waves may reach Indochina, as observed by Conover (1973) . Nevertheless, Chen and Weng (1996 , 1999a showed that equatorial waves generally cannot propagate against the monsoons westerlies Shown in Fig. 3a is the occurrence frequency (N) of a combination of tropical cyclones, disturbances associated with tropical cyclones, and the 12-24-day monsoon lows over the SCS for every summer monsoon season over the period 1979-94 (extracted from Fig. 6g of Chen and Weng 1999a) . Comparison between the interannual variation of N to P(Indochina) (Fig. 2a ) strongly supports our hypothesis concerning the possible existence of a dynamic link with the tropical Pacific SST anomalies. However, a basic question is raised concerning this hypothesis: What may cause this interannual variation in N over the SCS region? This question was addressed by Chen and Weng (1999a) . A brief summary of Chen and Weng's finding is provided to make this short note more self-contained, while the detailed analysis of interannual variation in N is referred to Chen and Weng (1999a) . Let us highlight Chen and Weng's findings pertaining to this study. 1) An anomalous short-wave train both (Figs. 4a,b) emanating from the western tropical Pacific is induced by the tropical Pacific SST anomalies. During cold (warm) summers, an east-west elongated anomalous cyclonic (anticyclonic) circulation cell resides in this region extending from the northern part of the SCS to the northern Philippine Sea-western Pacific. 2) The streamfunction departure of the anomalous circulation cell from the multiple-summer-mean streamfunction at 850 mb, ⌬(850 mb), is displayed in Fig. 3b . It is inferred from the coherent variations of ⌬(850 mb) and ⌬SST(Niño-3) that the composite ⌬V(850 mb) streamline charts shown in Fig. 4 are typical for the two extreme climate conditions. occurrence frequency of these synoptic disturbances is enhanced (suppressed) by the anomalous cyclonic (anticyclonic) circulation cell in the SCS-WTP region. This conclusion is supported by the coherent variation between N (Fig. 3a) and ⌬(850 mb) (Fig.  3b) .
As revealed by Fig. 4 , the aforementioned anomalous circulation cell does not cover Indochina. Therefore, this anomalous circulation cell associated with the shortwave train in the southeast-east Asian region does not exert a direct impact on the climate change over Indochina. Instead, the modulation of the occurrence frequency of the westward-propagating synoptic disturbances (across Indochina) in the SCS-WTP region by this anomalous circulation cell does. In other words, the westward propagation of these synoptic disturbances into Indochina are facilitated (or hindered) by this anomalous circulation cell. In turn, Indochina monsoon rainfall is modulated interannually by the variation in N every monsoon season. Krishnamurti (1971) used velocity potential () to portray the global divergent circulation, while Newell et al. (1974) employed a mass flux function on a zonalheight cross section to depict the Walker circulation. Later, a possible link between the interannual variation of the Indian monsoon and the tropical Pacific SST anomalies was demonstrated with numerical simulations by Chen and Yen (1994) and Ju and Slingo (1995) . Based upon the same argument, we shall first explore the possible effect of the tropical Pacific SST anomalies on the interannual variation of Indochina monsoon rainfall.
b. Global divergent circulation
Precipitation is primarily maintained by the convergence of water vapor flux. The increase (decrease) of precipitation is closely related to the enhancement (reduction) of divergent water vapor flux. Therefore, to establish this relationship between precipitation and the divergent water vapor flux from a global perspective, Chen (1985) introduced a potential function of water vapor flux ( Q ). Since water vapor is transported primarily by lower-tropospheric flow, the spatial structure of the global Q field resembles that of the global field in the lower troposphere. As shown by previous studies (e.g., Chen and Yen 1994; Ju and Slingo 1995) , the summer divergent circulation is intensified (weakened) when the eastern tropical Pacific SSTs are anomalously cold (warm). Accordingly, the global Q field, following the lower-tropospheric divergent circulation, should be enhanced (weakened) during cold (warm) summers. We shall substantiate this inference with composite charts of ⌬( Q , P) 1 for both cold (1981, 1984 ,
Composite global charts for (a) ⌬( Q , P) (cold) and (b) ⌬( Q , P) (warm). Cold (warm) summer monsoon seasons in this study include 1981, 1984, 1985, 1988, 1989, 1992, 1995, and 1996 (1982, 1983, 1987, 1991, 1994, 1995, and 1996) . Positive (negative) values of ⌬P are heavily (lightly) stippled.
alies behaves in such a way that an anomalous divergent circulation converges (diverges) water vapor toward (out of ) the Asian monsoon region to maintain excessive (to reduce) monsoon rainfall during cold (warm) summers. Focusing on the Indochina peninsula in Fig. 5 , we can see that the interannual variation of the global divergent circulation induced by tropical Pacific SST anomalies can contribute to the interannual variation in monsoon rainfall there. Shown in Fig. 5 are only composite charts of ⌬( Q , P) for cold and warm summers. Therefore, we also show histograms of ⌬ Q and ⌬P at climatological centers for these two variables over the western Pacific in Figs. 3c and 3d, respectively. As inferred from the coherent interannual variations of ⌬( Q , P) (western Pacific) and ⌬SST(Niño-3), composite ⌬( Q , P) charts (Fig. 5) are typical to the extreme climate conditions. Furthermore, the coincidence of P(Indochina) (Fig. 2a) and ⌬ Q (western Pacific) (Fig. 3c) histograms supports the argument that the response of the global divergent circulation is a contributing factor to the interannual variation of Indochina monsoon rainfall.
Finally, a comment on the possible coupling between the global-scale Q field and the weather disturbances
over the Indochina-western tropical Pacific region is in order. As shown in section 3a, the interannual variation in the westward-propagating disturbances alter the rainfall amount over the aforementioned region. This interannual change in the regional rainfall would contribute to the variation in the large-scale heat source and low-level moisture convergence-divergence, which in turn intensify the interannual seesaw of the ⌬ Q dipole shown in Fig. 5. 
Concluding remarks
Recently, Lau et at. (2000) argued that interannual variations in the south and east-southeast Asian monsoons may be dynamically independent. The basic dynamics of the interannual variation in the south Asian monsoon can be depicted by the Sverdrup balance as stressed by Kang and Held (1986) and Chen and Weng (1999b) for tropical stationary waves. In contrast, the interannual variation of the east-southeast Asian monsoon can be portrayed by the teleconnection dynamics of Rossby wave proposed by Hoskins and Karoly (1981) . Indochina, with an east-west scale comparable to the Indian subcontinent, is flanked by the two major components of the Asian monsoon system. Can the interannual variation in the Indochina summer monsoon be caused by either one or a combination of Lau et al.'s mechanisms? Regardless of the economic importance of Indochina, the climate change in this region is often neglected in most studies. Thus, an effort was made in this study to explore the possible cause of interannual variation in Indochina climate by the following two approaches: 1) the interannual modulation of the occurrence frequency in westward-propagating weather disturbances over the SCS-WTP region by the anomalous short-wave train emanating from the western tropical Pacific, and 2) an east-west interannual seesaw of the global divergent water vapor flux following the interannual variation of the global divergent circulation, in response to the tropical Pacific SST anomalies.
The first approach is not a direct result of interannual circulation change in east-southeast Asia but is a consequence of this change. The second approach, which may not be easily detected synoptically or operationally, forms a basic foundation for the Indo-Pacific interannual interaction with the Walker circulation. As inferred from results presented in this study, the interannual variation of Indochina monsoon rainfall is attributed to a cooperative effect from both. It has been observed by the Meteorological Department of Thailand that the dry-wet conditions in Indochina are highly correlated with the occurrence frequency of westward-propagating tropical cyclones and other strong synoptic disturbances from the SCS region (P. Patvivatsiri 1999, personal communication). Therefore, based upon the first approach, the short-term climate prediction for hydrological conditions, namely, dry-wet conditions over Indochina during the summer monsoon season may be operationally feasible with the SST(Niño-3) seasonal climate advisory issued by the CPC in Washington, D.C. In addition, it is inferred from the second approach in this study that the OLR, SST(Niño-3), and velocity potential () information derived from the CPC seasonal climate advisory may be used as an additional tool with the first approach in the short-term climate prediction for the Indochina region.
